Introduction
Neutrinoless Double Beta Decay (0νββ) is a lepton number violating process which can probe the nature of neutrino (Majorana or Dirac) and can constrain the absolute neutrino mass scale. A number of experiments using different isotopes and a variety of detection techniques are currently underway to search for 0νββ decay. In India, a Tin cryogenic bolometer (TIN.TIN) is under development to search for 0νββ decay in 124 Sn and is proposed to be installed at the upcoming India-based Neutrino Observatory (INO) [1] . Given the rarity of the 0νββ decay (T 0ν 1/2 > 10 24 years), ultra-low levels of background < 10 −2 counts/(keV kg day) are required. The understanding and minimization of background, especially around the Q ββ ( 124 Sn) = 2292.64±0.39 keV, is essential to improve the sensitivity of the T 0ν 1/2 measurement. This paper describes the low background counting setup at TIFR and the estimated neutron background in the INO cavern.
Tifr Low background Experimental Setup (TiLES)
A low background counting setup -the TiLES with a high efficiency and low background HPGe detector has been set up at sea level in TIFR. The detector model has been developed using Geant4-based MC simulations for the efficiency determination of different source geometries [2] . The detector has graded shield with an inner 5 cm low activity OFHC Cu layer, an outer 10 cm low activity Pb ( 210 Pb < 0.3 Bq/kg) layer and an active veto system (plastic scintillators). The sensitivity of the TiLES is measured to be ∼ 2 mBq/g for 40 K and ∼ 1 mBq/g for 232 Th. The setup is used for the qualification and selection of radio-pure materials like TIN.TIN cryostat material ETP Cu, Sn samples and rock samples from the INO site (Bodi West Hills -BWH). The ETP Cu sample showed many gamma rays in the range of 139.4-1326.9 keV formed due to cosmogenic activation while the BWH rock sample had high levels of 40 K (1050 (16) mBq/g) [2] .
3 Neutron-induced background in TIN.TIN Neutrons are known to be an important source of background for experiments like direct dark matter searches, double beta decay experiments, etc. The effect of neutron-induced background on the detector and its surrounding materials has been studied using neutron activation technique. The nat,124 Sn, Teflon, Torlon, ETP Cu, nat Pb were irradiated at the Pelletron Linac Facility, Mumbai in the neutron irradiation setup with fast neutrons in the energy range of E n = ∼ 0.1 -∼ 18 MeV. The reaction products formed were mostly short-lived (T 1/2 ∼ 15 min to 80 d). Teflon is found to be better compared to Torlon for support structure in the bolometer, since no high energy gamma activity (E γ > 511 keV) was produced due to fast neutron irradiation. Contribution of neutron-induced reactions in different Sn isotopes (A = 112-122) is also investigated. Among the various products of Sn isotopes, 123 Sn has the longest T 1/2 = 129.2 d, while 116m In (T 1/2 = 54.29 m) produces E γ = 2112.3 keV near the Q ββ ( 124 Sn) region [3] .
Neutron production in the INO cavern
In underground laboratories, neutrons originate from the presence of U and Th trace elements in the surrounding rock. The neutrons induced by muon interactions are more penetrating (E n > 15 MeV) but the expected flux is ∼ 100-1000 times lower. The radioactivity from the rock produces neutrons via spontaneous fission (SF) of U, Th and from the (α, n) interactions with the low Z elements present in the rock. The BWH rock is mainly Charnockite having a density of ∼ 2.89 g/cm 3 . Its composition is obtained from TOF-SIMS method. Table 1 shows various constituent elements of the BWH rock together with respective concentrations. The 238 U and 232 Th content in the BWH rock was obtained using the ICPMS method as 60 ppb and 224 ppb, respectively. The spectrum of the neutrons emitted in SF is described by an analytic function, known as Watt spectrum, which is given by:
The thick target (α, n) reaction yields for low Z elements (Z≤ 29) have been taken from Refs. [4] and [5] . The total yield is determined by the sum of the individual element yield weighted by its mass ratio in the BWH rock (as per Table 1 is evident that the (α, n) component dominates at lower neutron energies while the SF dominates at higher energies (E n > 8 MeV).
Neutron flux estimation in the INO cavern
Since the neutron source in the rock material is very weak (U, Th in ppb levels), large scale simulations are necessary to estimate the neutron flux. To minimize computation time and statistical errors in simulations, an alternative approach has been employed. Though the INO cavern will have a rock cover of ∼ 1 km on all sides, the neutrons will get attenuated very quickly and hence only a finite size rock element will contribute to the neutron flux in the cavern. The size of the rock element was optimized using GEANT4-based MC simulations employing G4NDL4.2 neutron cross-section library. The enhancement in the low energy neutron yield due to scattering in the surrounding rock material has been taken into account. It was observed that the neutron flux at any point on the cavern surface can be computed considering the contribution from a cylindrical rock element of size φ = L = 140 cm. The neutron flux at the center of the cavern is estimated assuming a cylindrical tunnel of radius r = 2 m and L = 12 m and is shown in Figure 2 . The energy integrated neutron flux from the BWH rock activity thus obtained is 3.2 × 10 6 n cm −2 s −1 . The neutron background from rock (E n ≤ 15 MeV) can be reduced with passive shield of hydrogen rich materials. In hydrogenous materials neutron capture by proton releases a γ-ray (E γ ∼ 2224.573 keV) very close to the Q ββ ( 124 Sn). Simulations indicate that a two layer composite shield of borated paraffin (20 cm) and Pb (5 cm) will be adequate to attenuate the neutron flux (E n ≤ 15 MeV) by a factor of ∼ 10 6 at the target site.
Summary
Radiation background studies pertaining to 0νββ decay in 124 Sn have been carried out. A TiLES setup has been installed at TIFR for this purpose. Neutron-induced background is studied in the TIN.TIN detector materials using fast neutron activation technique. The neutron flux (E n ≤ 15 MeV) resulting from SF and (α, n) interactions for the rock in the INO cavern is estimated using MC simulations. A two layer composite shield of borated paraffin (20 cm) + Pb (5 cm) is proposed for the reduction of neutron flux.
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